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Abstract 
The objective of this study was to determine the in vitro maturation rate of cattle oocytes selected with 
brilliant cresyl blue (BCB) stain, in tissue culture medium 199 (TCM 199) supplemented with various 
concentrations of hormones. Oocytes were retrieved from abattoir-derived ovaries by aspiration. Oocytes 
were then exposed to 26 µM BCB stain, and classified according to the colour of their cytoplasm: BCB+ 
(oocytes with blue cytoplasm) and BCB- (unstained oocytes). The BCB selected and the non-selected 
immature oocytes were randomly allocated into TCM 199 + 10% foetal bovine serum (FBS) maturation 
media supplemented with three concentrations of hormones as treatments (T). The T1 group was matured in 
the presence of 0.5 µg follicle stimulating hormone (FSH)/mL, 5 mg luteinising hormone (LH)/mL and 2 µg 
estradiol (E2)/mL. The T2 group was matured in 1 µg FSH, 6 mg LH and 2.5 µg E2/mL. The T3 group was 
matured in 1.5 µg FSH, 7 mg LH and 4.5 µg E2/mL. The maturation rate of oocytes was determined by the 
protrusion of the first polar bodies 24 h after maturation. Data were analysed by ANOVA using SAS. 
Treatment 2 yielded higher maturation rates for with BCB+ (30.5%) and without BCB (35%) oocytes, with T1 
giving a lower maturation rate for BCB+ (10.7%) and without BCB (9.7%) oocytes. However, BCB- oocytes 
had lower polar body extrusion (0.7%, 1% and 2.7%) for T1, T2 and T3, respectively. In conclusion, 
immature oocytes that were exposed to BCB+ and cultured in TCM 199 supplemented with 10% FBS, 1 µg 
FSH, 6 mg LH and 2.5 µg E2/mL had a higher number of matured oocytes (extrusion of first polar body), 
similar to those that were not exposed to BCB (no BCB). Oocyte selection with BCB staining was a useful 
test for classifying good-quality cattle oocytes.  
______________________________________________________________________________________ 
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Livestock plays a vital role in the agricultural and rural economies of developing countries (Rosengrant 
et al., 2002). Cattle, together with small ruminants, account for the largest part of the economies in these 
countries in terms of milk, meat, hides and wool production (Francis, 1988). However, cattle productivity is 
low, leading to economic losses in the livestock industry. Poor productivity can be observed when a cow 
does not become pregnant during a defined breeding season (Chakravarthi & Balaji, 2010). Such matters 
can be resolved with assisted reproduction technologies such as oestrus synchronization, embryo transfer, 
artificial insemination and in vitro embryo production (IVEP), which are important in maximizing production 
(Rodriguez-Martinez, 2012). 
The IVEP technique is one of the assisted reproduction technologies that have great potential for 
speeding up genetic improvement in cattle (Baldassarre & Karatzas, 2004). The IVEP process encompasses 
three steps: recovering oocytes from cattle ovaries and maturing them in vitro (IVM), in vitro fertilization 
(IVF), and in vitro culture (IVC) of the zygotes to the blastocyst stage (Nedambale et al., 2004), with IVM 
being the first and the most critical step in a successful IVEP. An oocyte is considered morphologically 
mature when the first polar body is extruded and the oocyte is arrested at the metaphase of the second 
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meiotic division (Heleil, 2010). During the gametogenesis process, fully grown oocytes generally arrest at 
prophase I (germinal vesicle stage) of meiosis. Mostly meiosis is reinitiated upon hormonal stimulation and 
results first in germinal vesicle breakdown and extrusion of the polar body, with a secondary arrest usually 
occurring at metaphase I (MI) or metaphase II (MII) of meiotic maturation, which is later released by 
fertilization (Pfeifer et al., 2008). In some mammals, progression from prophase I to MII is initially promoted 
by a surge in progesterone or luteinising hormone (LH) levels (Jahn & Sudhof, 1999). The ability of oocytes 
to undergo IVM and subsequent embryo development is influenced by maturation media and supplements 
(Farag et al., 2009). A chemically defined medium is considered important to address the exact effects of 
any supplement of interest in the medium on oocyte maturation or embryo development (Motlagh et al., 
2008). The strategic way of increasing the developmental ability of in vitro matured oocytes is by 
supplementing maturation with gonadotropic hormones and growth hormones (De Lima et al., 2010). Kojima 
et al. (2003) observed that the hormones that are commonly used in IVM are LH, follicle-stimulating hormone 
(FSH) and estradiol (E2). According to Yamashita et al. (2011), the preovulatory LH surge is vital for cumulus 
cell expansion, which is often used as an indicator of oocyte maturation. Izadyar et al. (1997) observed that 
the presence of growth hormones (GH) during IVM accelerates the kinetics of meiosis, increases cumulus 
cell expansion, and improves cytoplasmic maturation. Growth hormones also stimulate nuclear maturation in 
vitro in rats (Apa et al., 1994) and pigs (Hagen & Graboski, 1990). The gonadotropins enhance the 
development and maturity of oocytes in vitro (Ferre et al., 2002). 
The quality of oocytes can be determined by the exposure to BCB stain. BCB is a non-toxic stain, 
which can detect the activity of an enzyme known as glucose-6-phosphate dehydrogenase (Catala et al., 
2011). Young growing oocytes are considered incompetent, whereas grown oocytes are considered 
competent (Su et al., 2012). Protocols for cattle in vitro embryo production are being used in several 
countries, but for various reasons (such as environmental differences, types of breeds and laboratory to 
laboratory differences) these protocols may not be efficient locally in South Africa or in the laboratory where 
the study was carried out. The objective of this study was to determine the in vitro maturation rate of cattle 
oocytes selected with brilliant cresyl blue (BCB) stain cultured in tissue culture medium 199 (TCM 199) 
supplemented with various concentrations of hormones. 
 
Materials and Methods 
All chemicals were purchased from Sigma Co. (St. Louis, Mo, USA), unless otherwise stated. 
Ovaries from cows were collected from an abattoir (Morgan, Springs, RSA) and were transported to 
the laboratory within 2 - 3 h in a 37 ºC buffered saline. On arrival, the temperature was checked and ovaries 
were washed in a pre-warmed saline at 37 ºC. Oocytes from follicles of 3 - 7 mm in diameter were recovered 
using an aspiration method with a sterilized 18-gauge needle and a 10 mL syringe. The recovered follicular 
fluid was mixed with modified dulbeco phosphate buffered saline (mDPBS), modified by the addition of 1% 
polyvinyl alcohol and supplemented with 10% antibiotic antimycotic solution. The mixture was left for 10 
minutes for a pellet to settle. The oocytes were then searched under a stereo-microscope. The recovered 
oocytes were washed three times in mDPBS and in tissue culture medium (M199) plus 10% foetal bovine 
serum (FBS). A total number of 966 oocytes were exposed to 26 µM commercial BCB stain for 90 min at 39 
ºC with 5% CO2 (the manufacturer’s protocol for BCB staining was followed), while 700 oocytes were not 
exposed to the BCB stain. The oocytes exposed to the BCB stain were then grouped according to the colour 
of their cytoplasm: BCB+ (oocytes with blue cytoplasm) and BCB- (oocytes with colourless cytoplasm). The 
oocytes that were exposed to BCB (BCB+ and BCB-) and those that were not were randomly allocated to 
pre-warmed M199 + 10% FBS, supplemented with three concentrations of hormones as treatments (T), 
namely T1 (0.5 µg FSH/mL, 5 mg LH/mL and 2 µg E2/mL) as the control; T2 (1 µg FSH/mL, 6 mg LH/mL and 
2.5 µg E2/mL); and T3 (1.5 µg FSH/mL, 7 mg LH/mL and 4.5 µg E2/mL). Each treatment was replicated four 
times. The oocytes were then incubated for 24 h at 39 ºC with 5% CO2. Following incubation, cumulus cells 
were totally removed by vortexing, and the maturation rate was observed by detecting the first polar body 
with the micro-manipulation microscope using the Oosight imaging system, USA. 
 
Results  
The results of the effects of the hormonal supplementations on the in vitro maturation of cow oocytes 
are presented in Table 1. The means of polar body (Figure 2) extrusions of oocytes that were matured in the 
M199 medium supplemented with 1 µg FSH, 6 mg LH and 2.5 µg E2/mL were found to be significantly higher 
(P <0.05) than the medium supplemented with 1.5 µg FSH, 7 mg LH and 4.5 µg E2/mL and 0.5 µg FSH, 5 
mg LH and 2 µg E2/mL. The BCB+ oocytes obtained significantly higher (P <0.05) polar body extrusion in all 
the treatments than the BCB- oocytes. The oocytes that were not exposed to the BCB stain and the BCB+ 
oocytes obtained similar (P <0.05) numbers of polar body extrusions.  
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Table 1 Effects of gonadotropin hormones (luteinising hormone and follicle-stimulating hormone) and 
estradiol on the in vitro maturation of cow oocytes selected by the brilliant cresyl blue (BCB) stain  
 
Oocyte 
classification Treatments Oocytes (n) Polar body extrusions No polar body 
     
No BCB 
T1 234 16.6 ± 4.11cd 83.3 ± 4.78a 
T2 232 60.3 ± 10.39a 39.5 ± 4.69b 
T3 198 48.0 ± 6.24bc 52.0 ± 1.90b 
BCB- 
T1 132 3.03 ± 1.41d 96.9 ± 1.83ab 
T2 136 8.1 ± 2.22d 91.9 ± 2.02ab 
T3 135 2.2 ± 0.95d 97.8 ± 3.62b 
 
BCB+ 
T1 190 22.6 ± 5.73cd 77.4 ± 4.54ab 
T2 186 65.6 ± 1.68ab 34.4 ± 3.64b 
T3 187 48.1 ± 7.14bc 51.8 ± 1.50b 
     
a,b,c,d Values with different superscripts within column differ significantly at P <0.05. 
T1: 0.5 µg FSH/mL, 5 mg LH/mL and 2 µg E2/mL 
T2: 1 µg FSH/mL, 6 mg LH/mL and 2.5 µg E2/mL 




T1: 0.5 µg FSH/mL, 5 mg LH/mL and 2 µg E2/mL 
T2: 1 µg FSH/mL, 6 mg LH/mL and 2.5 µg E2/mL 
T3: 1.5 µg FSH/mL, 7 mg LH/mL and 4.5 µg E2/mL. 
 




In this study, the IVM medium [M199] supplemented with 1 µg FSH/mL, 6 mg LH/mL and 2.5 µg E2/mL 
yielded the highest number of oocytes that had extruded polar bodies for oocytes that were not exposed to 
BCB (60.3%) and for BCB+ (65.6%) oocytes. This study is comparable with that by Younis et al. (1991) in 
which they reported that the addition of the gonadotropic hormones (LH and FSH) to the maturation medium 
enhanced cumulus cell expansion of goat oocytes. Chen et al. (1994) suggested that FSH has a beneficial 
effect in the presence of FBS and enhances cumulus expansion of cattle oocytes. Some of the growing 
oocytes that did not absorb the stain under the same medium protruded polar bodies (8.1%). This indicates 
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cattle oocytes of South African origin and that even the oocytes from the atretic follicles could mature in vitro. 
The IVM medium with 0.5 µg FSH/mL, 5 mg LH/mL and 2 µg E2/mL obtained lower numbers of mature 
oocytes under the BCB selected oocytes as well as those that were not exposed to BCB (22.6, 16.6 and 
3.03, respectively). The standard concentration of 0.5 µg FSH/mL, 5 mg LH/mL and 2 µg E2/mL is widely 
used in IVM. The results of this study showed that BCB+ obtained more maturity than BCB- oocytes in the 
entire three maturation media whereby many oocytes in the BCB+ group (22.6, 65.6 and 48.1) obtained 
higher polar body extrusion compared with BCB-. Shourbagy et al. (2006) discovered that BCB+ oocytes 
have a larger cytoplasmic volume, are more likely to become fertilized compared to BCB- oocytes, contain a 
higher number of mitochondrial deoxyribose nucleic acid (mtDNA) copy number and have been linked to 
fertilization outcome in the buffalo and human oocytes. This study is comparable with the results obtained by 
Wang et al. (2012), in which it was observed that BCB+ oocytes had significantly higher maturation rates 
than BCB- oocytes. Therefore, BCB+ oocytes have better developmental competency compared with the 
BCB- oocytes. The BCB stain has been proved to select good-quality oocytes that have better chances of 
survival and better embryonic developmental competency.  
 
Conclusion 
In conclusion, the BCB+ immature oocytes (Treatment 2) that were cultured in TCM 199 
supplemented with 10% FBS, 1 µg FSH/mL, 6 mg LH/mL and 2.5 µg E2/mL had higher in vitro maturation 
rate similarly to those in Treatment 2 without BCB treatment compared to other treatments. Thus it showed 
that culturing immature oocytes TCM 199 supplemented with 10% FBS, 1 µg FSH/mL, 6 mg LH/mL and 2.5 
µg E2/mL was a suitable protocol for cattle oocytes. Oocyte selection using BCB staining is a useful test for 
classifying good-quality cattle oocytes. 
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